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METHOD AND APPARATUS FOR DE 
SKEWING CLOCK EDGES FOR SYSTEMS 

WITH DISTRIBUTED CLOCKS 

BACKGROUND 

When operating microprocessors and other digital equip 
ment embodied Within integrated circuits (ICs), it is gener 
ally desirable to coordinate and/or synchronize the trans 
mission of signals from clocks distributed throughout such 
chips. Such synchronization Would generally aid in enabling 
related operations to cooperate in a timely and orderly 
manner. Undesired and unpredictable variation in the propa 
gation times of signals along different paths could lead to 
race conditions and other malfunctions in the operation of 
the microprocessor or other integrated chip device. 
As chips become larger, more complex, and more 

poWerful, the number of factors potentially causing variation 
in signal transmission speed along different paths Within an 
IC generally increases. These factors include, voltage levels, 
current ?oW levels, operating frequency, and temperature. 
Other factors contributing to variation in signal transmission 
speed include variation in the geometric length of the signal 
paths and inconsistency of electrical properties such as 
resistance and capacitance Which may be encountered by 
different signals propagating through different parts of an 
integrated chip. Even though attempts have been made to 
balance the signal transmission delays on various clock 
routes in order to equalize propagation times along these 
routes, the unpredictability of many of the above-mentioned 
factors makes it extremely difficult to fully maintain signal 
transmission delay consistency across different signal paths. 

Another approach to equalizing transmission path delays 
involves inserting delay circuits such as phase lock loops 
(PLLs) or delay lock loops (DLLs) Within selected trans 
mission paths to compensate for variation arising from 
knoWn factors causing transmission path delay divergence 
Within a chip. Where causes of transmission time or trans 
mission delay divergence betWeen different paths in a circuit 
are knoWn and ?xed, such circuits may present a viable 
solution. HoWever, Where variations in transmission time are 
variable and unknoWn, an initial setting of the delay circuits 
Will likely fail to assure consistency in signal propagation 
time along various transmission paths. Factors Which are 
likely difficult to ascertain in advance include process varia 
tion from one chip to another, as Well quantities such as 
voltage, current, and temperature, Which may vary from chip 
to chip, as Well as Within a single chip. It Would therefore be 
very difficult to preset the values of delay circuits to achieve 
transmission time consistency among a plurality of signal 
transmission paths. 

Accordingly, it is a problem in the art that variation in 
voltage and current levels, temperature, and electrical prop 
erties of various transmission paths generally cause alternate 
signal transmission paths in an IC to experience divergent 
transmission delays or latency periods. 

It is a further problem in the art that such divergent latency 
periods may lead to race conditions and potentially cause 
malfunctions Within an IC. 

It is a still further problem in the art that strategically 
arranging the geometry of signal transmission paths gener 
ally does not cure the problem of inconsistent signal trans 
mission path latency. 

It is a still further problem in the art that introducing 
circuit elements for delaying signal transmission to com 
pensate for variability in signal path transmission latency is 
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2 
generally unable to compensate for signal path latency 
differences arising from chip manufacturing process 
variation, and from variation in voltage, current, and tem 
perature. 

SUMMARY OF THE INVENTION 

The present invention is directed to a system and method 
for providing self-governing real-time feedback signal path 
latency equalization to synchronize the transmission of 
signals propagating along separate paths in an integrated 
circuit. The inventive mechanism preferably provides for 
automatic self-regulating phase or delay equalization in a 
manner Which is independent of the cause or amount of 
propagation time delay variation betWeen alternative signal 
transmission paths. 

In a preferred embodiment, feedback loops are employed 
Which receive signal delay values as inputs and generate a 
corrective output signal substantially proportional to a dis 
parity in the input delay values, thereby enabling a magni 
tude of a corrective output signal to a level suited to a current 
level of signal transmission time disparity. In this manner, a 
delay circuit designed to compensate for a transmission 
signal time difference betWeen tWo circuits may be continu 
ously adjusted in real time to compensate for real time 
variations in the factors leading to this transmission signal 
time variation. Since the inventive circuit employs the actual 
signal delay variation as an input variable for a determina 
tion of a delay value, all causes of this signal delay variation 
are preferably compensated for regardless of the sources of 
the delay. Accordingly, there is preferably no need to con 
duct complex calculations to anticipate desired signal delay 
values Within particular signal transmission paths. 

In a preferred embodiment, the self-governing delay 
equalization circuits of the present invention may be scat 
tered throughout a chip so as to equalize delays in distributed 
locations and thereby avoid imposing an excessive delay 
equalization burden in a single centralized location. 
Moreover, the careful deployment of phase detectors and 
other selected circuit elements may be bene?cially 
employed to reduce electrical noise along the various signal 
paths While also equalizing delays along these signal paths. 
Moreover, the implementation of self-governing delay 
equalization may be applied to subsets of an initial set of 
circuits, thereby enabling the creation of a hierarchy of 
delay-equalized sub-circuits having equal signal transmis 
sion delay times. In this manner, the signal delay present at 
a multitude of points throughout an IC, With respect to one 
or more time reference points or clock reference points may 
be determinable With substantial accuracy. 

It Will be appreciated that While much of the above 
discussion herein is directed to integrated circuits and digital 
equipment, the present invention may be applicable to any 
circuit having undesired transmission time variations 
betWeen alternative signal paths including analog circuits, 
hybrid circuits, and circuits Which are not solid state, and all 
such variations are included Within the scope of the present 
invention. 

Accordingly, it is an advantage of a preferred embodiment 
of the present invention that signal path transmission delays 
arising from substantially unpredictable sources such as 
temperature, voltage, and current ?uctuations may be adap 
tively compensated for in real time Without knoWing the 
sources or relative magnitude of contribution to a resulting 
delay of each of the afore-mentioned sources. 

It is a further advantage of a preferred embodiment of the 
present invention that race conditions and other operational 
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problems arising from signal path transmission time or 
transmission delay variations may preferably be avoided. 

It is a still further advantage of a preferred embodiment of 
the present invention that the inventive self-governing signal 
path delay equalization circuit may be employed to reduce 
electrical noise levels along the various signal transmission 
paths. The ability to control When clock edges occur gen 
erally alloWs a system designer to deliberately skeW circuit 
clock edges to prevent circuits employing those clock edges 
from sWitching simultaneously, thereby reducing instanta 
neous poWer and electrical noise. 

The foregoing has outlined rather broadly the features and 
technical advantages of the present invention in order that 
the detailed description of the invention that folloWs may be 
better understood. Additional features and advantages of the 
invention Will be described hereinafter Which form the 
subject of the claims of the invention. It should be appre 
ciated by those skilled in the art that the conception and 
speci?c embodiment disclosed may be readily utiliZed as a 
basis for modifying or designing other structures for carry 
ing out the same purposes of the present invention. It should 
also be realiZed by those skilled in the art that such equiva 
lent constructions do not depart from the spirit and scope of 
the invention as set forth in the appended claims. The novel 
features Which are believed to be characteristic of the 
invention, both as to its organiZation and method of 
operation, together With further objects and advantages Will 
be better understood from the folloWing description When 
considered in connection With the accompanying ?gures. It 
is to be expressly understood, hoWever, that each of the 
?gures is provided for the purpose of illustration and 
description only and is not intended as a de?nition of the 
limits of the present invention. 

BRIEF DESCRIPTION OF THE DRAWING 

For a more complete understanding of the present 
invention, reference is noW made to the folloWing descrip 
tions taken in conjunction With the accompanying draWing, 
in Which: 

FIG. 1A depicts an outline of a integrated circuit upon 
Which path delay equalization may be practiced according to 
a preferred embodiment of the present invention; 

FIG. 1B is a block diagram of a delay matching circuit 
according to a preferred embodiment of the present inven 
tion; 

FIG. 1C is a timing chart associated With components 
depicted in FIGS. 1A and 1B according to a preferred 
embodiment of the present invention; 

FIG. 2 depicts an alternate delay matching scheme 
according to a preferred embodiment of the present inven 
tion; 

FIG. 3 depicts a circuit Which presents a plurality of 
implementations of the delay matching circuitry of depicted 
in FIG. 2 according to a preferred embodiment of the present 
invention; and 

FIG. 4 depicts a simpli?ed circuit employing inventive 
delay matching circuitry according to a preferred embodi 
ment of the present invention. 

DETAILED DESCRIPTION 

FIG. 1A depicts an outline 100 of a integrated circuit 
according to a preferred embodiment of the present inven 
tion. FIG. 1A depicts reference clock generator 101 and a 
plurality of buffers 102 shoWn located at varying distances 
from clock generator 101. The “/3” symbol refers to the 
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4 
three lines generally employed to transmit signals from 
clock generator 101 to the various buffers 102, these three 
lines generally including 1) reference clock send signal, 2) 
the delay buffer interconnect return signal, and 3) the phase 
detector output signal. The dskeW buffers 102 generally 
correspond to elements 129, 132, 130, and 135 Within FIG. 
1B. A dskeW buffer 102 generally drives the clock net the 
area of chip containing the four identi?ed elements of FIG. 
1B and contains the delay compensation elements. Element 
135 is preferably a buffer associated With variable delay 
element 130. 

Herein, the folloWing terms generally refer to the phase of 
one or more signals Within the various depicted circuits: 
signal transmission latency, phase, delay, signal transmis 
sion delay, signal phase, and phase delay. Herein, the term 
“clock net” generally refers to clock routes distributed 
Within the depicted circuitry. The term “routes” generally 
refers to traces that are disposed as needed to established 
proper connections. A collection of such routes preferably 
forms a netWork or net of clock traces Within a circuit block. 

Generally, reference clock generator 101 and dskeW buff 
ers 102 may be placed anyWhere Within an IC. Generally, the 
various routes from clock generator 101 to dskeW generators 
102 need not be delay matched. The double-arroWed lines in 
FIG. 1A generally represent the folloWing signals: clock 
send, return and delay feedback control lines. Reference 
may be made to FIGS. 1A, 1B, and 1C in the folloWing. 
A number of timing sequences or timing diagrams are 

depicted in FIG. 1C. Reference clock signal 151 is depicted 
at the top of a set of four clock signals in FIG. 1C. It may 
be seen that the period of reference clock signal 151 has 
been set to 500 picoseconds ShoWn immediately beloW 
reference clock signal 151 is delayed reference clock pulse 
152 Which is delayed by 250 ps With respect to reference 
clock signal 151. Such an inversion may be accomplished by 
running reference clock signal 151 through inverter 123, as 
shoWn in FIG. 1B. ShoWn third from the top, among the 
timing diagrams, is locked return clock 153 Which generally 
corresponds to delay buffer and interconnect clock return 
126 in FIG. 1B. 

In a preferred embodiment, an objective of the circuit 
depicted in FIG. 1B is to match the delay point of delayed 
reference clock point 127 With delay buffer and interconnect 
clock return (clock return) point 126. OtherWise stated, it is 
desired to equaliZe an eXtent and/or rate of signal propaga 
tion along the paths leading to points 126 and 127, such that 
points 126 and 127 are at the same point in the cycle of a 
particular clock pulse signal. 

In a preferred embodiment, the elements depicted on the 
left side of FIG. 1B generally correspond to reference clock 
generator 101 in FIG. 1A, and the components on the right 
side of FIG. 1B generally correspond to any one of the 
dskeW buffers 102 depicted in FIG. 1A. 
With reference to FIG. 1B, in a preferred embodiment, a 

signal input to circuit 120 is preferably provided by eXternal 
clock 128 and directed through phase locked loop (PLL) 121 
to clock receiver/buffer 122. A rising edge of the clock pulse 
then preferably emerges from clock receiver/buffer 122. 
This output from receiver/buffer 122 generally proceeds 
along a 1“ path, the “reference clock send” 125 toWard a ?rst 
buffered variable delay element 129, and along a second 
path toWard inverter 123. 

Proceeding along the “reference clock send” path 125, the 
clock signal preferably proceeds toWard ?rst buffered vari 
able delay element 129. The clock signal then preferably 
proceeds toWard local clock net 131 Which is the intended 
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recipient of clock signals or clock pulses. The signal delay 
for the clock pulse in traveling from delay element 129 to 
clock net 131 is generally relatively small in comparison to 
the delay incurred in traveling from clock receive/buffer 122 
to buffered variable delay element 129. 

Preferably, the circuit of FIG. 1B operates to match the 
phase delay or signal transmission latency of the reference 
clock send 125 With clock return 126. When these signal 
transmission delays are matched, the various operations 
Within an integrated circuit generally operate as desired. 
Where the signal transmission delays are not matched, there 
Will generally be variation in signal phase or clock pulse 
phase betWeen the buffers and clock nets throughout the 
integrated circuit, thereby potentially leading to inaccurate 
operation of the integrated circuit. 
An eXample is considered involving various propagation 

delays and variable signal delay values. In this eXample, the 
delay incurred in propagating the signal from clock receiver/ 
buffer 122 to delay element 129 is 50 ps, and the initial value 
of time delay in delay element 129 is also 50 ps. It is 
presumed for the sake of this eXample that the additional 
time to transmit the clock signal to clock net 131 is negli 
gible. Accordingly, 100 ps Will generally have elapsed in 
transmitting the clock pulse from clock receiver/buffer 122 
to clock net 129. 

Continuing With the eXample, after reaching local clock 
net 131, the signal preferably returns through second buff 
ered variable element 130, Which is initially set to delay the 
signal by 50 ps. The signal then takes about 50 ps to return 
to the region of the reference clock 136 on the left side of 
FIG. 1B. Accordingly, upon reaching a point indicated by 
reference numeral 137, a total of 200 ps Will generally have 
elapsed since the signal emerged from clock receiver/buffer 
136. 

Equivalent clock net load 134, Which preferably includes 
a capacitor, may be connected to the output of delay element 
130 in order to match the capacitance of local clock net 131. 
Connecting equivalent clock net load 134 in this manner 
preferably operates to make the clock signal send and return 
paths as similar as possible in terms of loads, buffers, and 
delays. 

Continuing With the eXample, it may be seen that there are 
tWo inputs to phase detector 124. A ?rst input 137 Was 
previously shoWn to have experienced about 200 ps of delay 
With respect to the output 136 from clock receive/buffer 122. 
For the second input to detector 124, “delayed reference 
clock” 127, the signal at reference clock node 136 is directed 
through inverter 123, thereby generating a signal having an 
effective delay of 250 ps With respect to the reference clock 
point 136. This effective delay may be seen by comparing 
delayed reference clock pulse timing diagram 152 With 
reference clock pulse timing diagram 151 in FIG. 1C. 

Continuing With the eXample, inputs 137 and 127 to phase 
detector 124 Will generally present an initial phase disparity 
of 50 ps. It is generally desirable to cause the circuit of FIG. 
1B to at least substantially eliminate this disparity, thereby 
equalizing the delay along the reference clock send 125 and 
clock return 126 paths. Preferably, phase detector 124 oper 
ates to produce a current 138 proportional to the phase 
difference betWeen inputs 127 and 137. The phase detector 
124 output current 138 preferably charges local loop ?lter 
133, Which preferably includes a capacitor, thereby raising 
the voltage output of the capacitor and driving this voltage 
into buffered variable delay elements 129 and 130. 

In a preferred embodiment, the voltage output from local 
loop ?lter 133 causes the delay in both the ?rst and second 
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6 
variable delay elements, 129 and 130, respectively, to rise by 
25 ps, thereby raising the time delay in signal travel from the 
reference clock 136 to the local clock net 131 and the return 
path from local clock net 131 to upper input to phase 
detector 137 to each rise from 100 ps to 125 ps. Accordingly, 
the round trip from reference clock signal 136 to the upper 
input 137 to the phase detector should noW take 250 ps, 
instead of the previous value of 200 ps, Which matches the 
delay introduced by inverter 123, thereby equaliZing the 
delay or phase difference introduced by the tWo paths. 

In this manner, the present invention preferably enables 
the phase difference present at the inputs 127 and 137 at 
phase detector 124, through the mechanism of the local loop 
?lter 133 voltage and the voltage controlled delay mecha 
nism of delay elements 129 and 130 to adaptively equaliZe 
the phases of the tWo inputs, thereby providing an automatic 
and self-regulating mechanism for phase delay equaliZation 
betWeen separate signal transmission paths Within the circuit 
of FIG. 1B. It Will be appreciated that the phase or delay 
equaliZation mechanism of the present invention is not 
limited to the speci?c circuit layout depicted in FIG. 1B but 
may be applied to Wide range of circuit topologies, and all 
such variations are included Within the scope of the present 
invention. 

In the circuit of FIG. 1B, a sequence of conversions of 
phase difference to current, current to voltage, and 
ultimately, voltage to time delay Was employed to provide 
automatic phase equaliZation. HoWever, it Will be appreci 
ated that numerous substitutions of electrical devices and 
sequences of operations may be implemented to achieve the 
desired phase equaliZation. For eXample, a voltage input for 
driving delay values Within delay elements 129 and 130 may 
be obtained by driving the phase detector output current 138 
through a resistor and using the resistor’s voltage drop to 
drive the delay values Within delay elements 129 and 130. 
Moreover, active devices may be employed as substitutes for 
passive electrical components such as resistors and capaci 
tors to calculate an appropriate delay control output for 
delay elements 129 and 130 based upon current 138, and all 
such variations are included Within the scope of the present 
invention. 

FIG. 2 depicts an alternate delay matching scheme 200 
according to a preferred embodiment of the present inven 
tion. The embodiment depicted in FIG. 2 preferably obviates 
a need for an equivalent local clock net load as represented 
by reference numeral 134 in FIG. 1. Generally, When the 
actual clock net load changes, a mismatch may arise 
betWeen the actual clock net load and the equivalent clock 
net load. It is generally desirable to automatically compen 
sate for variation in the clock net load and other variable 
conditions Within an integrated circuit. Such automatic 
compensation is preferably provided in the embodiment of 
FIG. 2. 

In a preferred embodiment, reference clock send signal 
125 proceeds along a signal path toWard voltage controlled 
delay element 1 (VCD) 201 Whose delay value is preferably 
controlled by loop ?lter/phase detector control voltage 
(control voltage 1) 211. Thereafter, the clock signal proceeds 
out of VCD1 201 through buffer 202 to local clock net 131. 
Clock net load 203 is generally represents the capacitive 
load of local clock net 131. 

In a preferred embodiment, the signal at the output of 
buffer 202 is directed into VCD2 204 and proceeds to delay 
buffer and interconnect clock return (clock return) 126 on 
the left side of FIG. 2. The delay Within VCD2 204 is 
preferably adaptively determined in order match the delays 
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along the reference clock send 125 and clock return 126 
paths employing circuitry including phase detectors 207 and 
208, differential ampli?er 209 and loop ?lter 210. 

This approach differs from that presented in FIG. 1B 
Wherein the control voltage supplied to delay elements 129 
and 130 Was generally the same. It Will be appreciated that 
circuit elements other than those depicted in FIG. 2 could be 
deployed to implement the adaptive delay value adjustment 
Within a second delay element, in this case voltage con 
trolled delay element 204, including active digital 
components, and all such variations are included Within the 
scope of the present invention. 

In a preferred embodiment, the total transmission signal 
delay incurred betWeen reference clock send 125 and the 
output of buffer 202, Which is directed to local clock net 131, 
including the contribution of VCD1 201, is input to phase 
detector 208, and the total transmission signal delay incurred 
betWeen buffer 202 output and clock return 126, including 
the contribution of VCD2 204, is input to phase detector 
207. 

It may be seen that the upper input 216 to phase detector 
208 is on the same “time” node as reference clock send 125, 
and that the loWer input 212 to phase detector 208 is on the 
same “time” node as buffer 202 output and the point of 
signal transmission to local clock net 131. Accordingly, 
phase detector 208 Will preferably measure the phase dif 
ference incurred betWeen reference clock send 125 and the 
output of buffer 202 on the send signal path. The return path 
phase delay is analogously represented by the inputs to 
phase detector 207. 

It may be seen that the loWer input 205 to phase detector 
207 is on the same node as buffer 202 output and the point 
of signal transmission to local clock net 131, as Well as on 
the same node as phase detector 208 loWer input 212. It may 
also be seen that the upper input 206 to phase detector 207 
is on the same node as clock return 126. Accordingly, phase 
detector 207 Will preferably measure the phase difference 
incurred betWeen buffer 202 output and clock return 126, 
including the contribution of VCD2 204. Generally, the 
phase difference detected by phase detector 207 Will produce 
voltage input 213 to differential ampli?er 209, and the phase 
difference detected by phase detector 208 Will produce 
voltage input 214 to differential ampli?er 209. 
Where the phase differences input to phase detectors 207 

and 208 are the same, no corrective modi?cation of the delay 
value of VCD2 204 Will generally be effected, as the voltage 
input values 213 and 214 to differential ampli?er 209 Will be 
the same. HoWever, Where the phase differences, as repre 
sented by the outputs of phase detectors 207 and 208, differ, 
the resulting voltage difference betWeen differential ampli 
?er inputs 213 and 214 Will preferably drive differential 
ampli?er 209 to output a corrective signal to loop ?lter 210 
and ultimately to VCD2 204. The ?ltered corrective input 
215 to VCD2 204 preferably operates to adjust VCD2 204 
such that the phase differences present at phase detectors 207 
and 208 become equal. Generally, the greater the disparity 
betWeen the phase differences at detectors 207 and 208, the 
greater the value of ?ltered corrective input 215 Will be. 
Similarly, as the disparity betWeen the phase differences at 
detectors 207 and 208 diminishes, ?ltered corrective input 
215 Will correspondingly decline in magnitude. Where the 
disparity in phase differences at detectors 207 and 208 
disappears, the ?ltered corrective input to VCD2 204 is 
preferably also brought to Zero. Preferably, the ability to set 
the delays in VCD1 and VCD2 independently, enables the 
inventive circuit to compensate for unknoWn and unpredict 
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8 
able variations occurring Within the clock send and clock 
return circuit segments and preferably diminishes a need to 
exactly match various phase-relevant components disposed 
Within these circuit segments. 

FIG. 3 depicts a circuit 300 Which presents a plurality of 
implementations of the delay matching circuitry of depicted 
in FIG. 2 according to a preferred embodiment of the present 
invention. Generally external clock 301 drives PLL 302, 
Which in turn drives clock receiver/buffer 303. 

In a preferred embodiment, the inventive delay matching 
mechanism described in connection With FIG. 2 may imple 
mented in a distributed manner for various circuits Within an 
integrated chip or integrated circuit. Three substantially 
equivalent circuits, circuits a, b, and c, each employing a 
matched delay element, are shoWn in FIG. 3. Each of the 
matched delay elements generally corresponds to the com 
bination of VCD elements, phase detectors, differential 
ampli?er and loop ?lter depicted in the delay matching 
circuitry of FIG. 2. Once this delay matching circuitry is 
properly con?gured, it may generally be strategically 
deployed to provide controlled delays throughout an inte 
grated chip or integrated circuit. 

In a preferred embodiment, When using knoWn delays, 
such as delayia 305a, in combination With matched delay 
elements 307-a near local clock net 1 308-a, a consistent 
relationship emerges betWeen the delay at local clock net 1 
308-a and the knoWn delay value of “delayia.” Speci?cally, 
the total delay from reference clock 304 to local clock net 1 
308-a Will generally be (delayia)/2. This outcome is con 
sistent With the example discussed in connection With FIG. 
1. 

Providing a knoWn relationship betWeen the delay at a 
local clock net and the value of a the delay at a deliberately 
introduced delay circuit element, such as delay element 
“delayia,” and knoWn relationships betWeen the delays 
present at various local clock nets, generally provides circuit 
designers With the bene?t of having a high level of control 
over the signal delays occurring at distributed points 
throughout an integrated circuit and thereby avoids delay 
mismatches Which may cause circuits to malfunction. 

While a simple division by 2 represents the relationship 
betWeen local clock net delay With respect to a reference 
clock in the depiction of FIG. 2, it Will be appreciated that 
Where more than 2 elements are being matched in the 
“matched delay elements” sub-circuit, such as sub-circuit 
307-a, and/or Where more complex self-regulating delay 
circuit topologies are constructed, more complex, although 
still knoWn and controllable, mathematical relationships 
may exist betWeen the clock signal delay present at a local 
clock net or other circuit node and the delay value of a 
deliberately introduced delay element such as delayia 
305a. 

FIG. 4 depicts a simpli?ed circuit 400 employing the 
inventive delay matching circuitry according to a preferred 
embodiment of the present invention. In FIG. 4, the delay at 
a selected clock net, called reference clock net 409, is 
preferably employed as a knoWn delay element for the signal 
paths for clock net 1 405 and clock net 3 412, thereby 
obviating a need for the insertion of the actual hardWare for 
delay elements for those circuits. 
An example is presented including the use of speci?c 

exemplary delay values. In this example, reference clock 
404 is at 0 ps. In traveling along path 413 toWard the right, 
a delay of 100 ps is incurred before reaching buffer 407 
Which generally introduces a further delay of 50 ps. 
Accordingly, the delay at reference clock net 409 is 150 ps. 
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Following the return path, buffer introduces an additional 50 
ps, bringing the total delay With respect to the reference 
clock to 200 ps. FolloWing the return path 414 to the right 
of buffer 408 back to the region of the reference clock 404 
incurs an additional 100 ps, bringing the total delay to 300 
ps at a node indicated by reference numeral 415. 

Continuing With the example, node 415, having a 300 ps 
delay, is used as a substitute for the delayia and delayic 
delay elements deployed in the circuit of FIG. 2, thereby 
obviating a need for the hardWare associated With those tWo 
delay elements. It may be seen that the 300 ps delay is fed 
into the loWer inputs of the phase detectors 406 and 410 of 
the circuit leading to local clock net 1 416 and the circuit 
leading to local clock net 3 412. As discussed in connection 
With FIG. 2, the output delay at local clock nets 1 and 3 Will 
be 300 ps divided by 2 leading to a value of 150 ps, Which 
is equal to the delay at reference clock net 409. It Will be 
appreciated that numerous permutations and combinations 
of the circuitry described herein may be constructed in order 
to provide controlled delays at distributed points throughout 
an integrated circuit, and all such variations are included 
Within the scope of the present invention. 

Although the present invention and its advantages have 
been described in detail, it should be understood that various 
changes, substitutions and alterations can be made herein 
Without departing from the spirit and scope of the invention 
as de?ned by the appended claims. Moreover, the scope of 
the present application is not intended to be limited to the 
particular embodiments of the process, machine, 
manufacture, composition of matter, means, methods and 
steps described in the speci?cation. As one of ordinary skill 
in the art Will readily appreciate from the disclosure of the 
present invention, processes, machines, manufacture, com 
positions of matter, means, methods, or steps, presently 
eXisting or later to be developed that perform substantially 
the same function or achieve substantially the same result as 
the corresponding embodiments described herein may be 
utiliZed according to the present invention. Accordingly, the 
appended claims are intended to include Within their scope 
such processes, machines, manufacture, compositions of 
matter, means, methods, or steps. 
What is claimed is: 
1. A method of determining transmission delay, said 

method comprising: 
providing an outbound signal path having an outbound 

transmission delay; 
providing a return signal path having a return transmis 

sion delay, Wherein said return delay is associated With 
said outbound delay; 

determining said outbound delay using said outbound and 
said return delays. 

2. The method of claim 1 further comprising: 
propagating a source signal along said outbound path and 

said return path; and 
determining a phase change in said signal due to propa 

gation. 
3. The method of claim 2 Wherein said outbound delay is 

a knoWn fraction of said phase change. 
4. The method of claim 3 Wherein said outbound delay 

and said return delay are equal, and Wherein the outbound 
delay is determined to be one half of said determined phase 
change. 

5. The method of claim 1 Wherein said outbound path 
delivers a clock signal to a portion of an integrated circuit. 

6. The method of claim 1 further comprising: 
disposing a variable delay element along each said path. 

5 

15 

25 

35 

40 

45 

55 

65 

10 
7. The method of claim 6 further comprising: 
using said variable delay elements to synchroniZe said 

outbound delay With other signal delays on an inte 
grated circuit. 

8. A method of synchroniZing transmission delays, said 
method comprising: 

providing a signal transmission loop to each of a plurality 
of destinations, Wherein each said loop comprises an 
outbound portion and a return portion; 

providing a delay element along each said portion of each 
said loop; and 

using said delay elements to synchroniZe the transmission 
delays associated With each said destination. 

9. The method of claim 8 Wherein said outbound portion 
and said return portion of each said loop have equal trans 
mission delays. 

10. The method of claim 9 further comprising: 
comparing a phase of a signal prior to transmission in 

each said loop With a phase of said signal after trans 
mission; and 

determining said transmission delay associated With each 
said destination from said phase comparison. 

11. The method of claim 10 further comprising: 
adjusting said transmission delay associated With each 

destination While maintaining the equality of said out 
bound and said return delays. 

12. The method of claim 8 further comprising: 
providing a reference destination With an associated ref 

erence transmission delay, Wherein at least one other 
said transmission delay is adjusted to match said ref 
erence transmission delay. 

13. The method of claim 12 Wherein all said transmission 
delays are matched to said reference delay. 

14. The method of claim 8 Wherein each said destination 
is a location on an integrated chip, and Wherein each said 
loop transmits a clock signal. 

15. A system for determining transmission delay, said 
system comprising: 

a loop propagating a signal to a destination along an 
outbound portion, and from said destination along a 
return portion, Wherein a signal delay of said return 
portion is a knoWn factor of a signal delay for said 
outbound portion; and 

means for determining said outbound delay by comparing 
said propagated signal to a non-propagated signal. 

16. The system of claim 15 further comprising: 
a phase detector comparing a phase of said signal prior to 

propagation and a phase of said signal after propagation 
and producing a phase difference. 

17. The system of claim 16 Wherein said means for 
determining said outbound delay uses said knoWn factor to 
convert said phase difference into said outbound delay. 

18. The system of claim 17 Wherein said outbound delay 
and said return delay are equal, and Wherein said outbound 
delay is equal to one half of said phase difference. 

19. The system of claim 15 further comprising: 
a variable delay element disposed along said outbound 

portion; 
a variable delay element disposed along said return por 

tion; and 
means for simultaneously adjusting said delay elements. 
20. The system of claim 19 Wherein said outbound delay 

is synchroniZed With other signal delays on an integrated 
chip. 


